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Studies on metalloproteins in ruminant livers showed the relationship between the total amount of zinc and copper present in a metallothionein-like fraction (designated fraction 111) and the zinc content of livers can be described by the equation y = 0.74~-0.25 (s.E. of regression coefficient = h0.04, P<O.OOl), where y is the number of g-atoms of Cu+Zn in fraction III/g of fresh liver and x is the number of g-atoms of Zn/g of fresh liver. On the basis of this finding it was suggested that zinc, but not copper, may control either the synthesis or degradation of this protein (Bremner, 1974) . Later work indicated a primary role for zinc in the synthesis de nouo of a similar metal-binding component in rat liver (Bremner et al., 1973; Davies et al., 1973) . Since copper was invariably present in these proteins, a study has been made of the effects of Cut+ injection on the appearance of this fraction in rat liver.
Male rats (150g) were injected intraperitoneally with either lOOpg or 300pg of Cu2+ (as CuS04 in 0.9% NaCI), killed from 0.5 to 8 h later, and their livers removed and processed as described previously (Bremner et al., 1973) .
Injection of lOOpg of Cut+ (as CuSO,) promoted increases in both the copper and the zinc content in all livers, although large variations were observed between individual animals similarly treated. Liver copper contents ranged from 8.4 to 17.3pg/g of fresh liver and zinc contents from 19.1 to 40.6pglg of fresh liver in the group slaughtered 8h after injection. Regardless of this variation, the incremental increases in copper and zinc contents in each individual liver were about equal.
Three copper-and zinc-binding fractions (I, I1 and 111) with approximate molecular Time after injection (h) Fig. 1 . Changes in concentrations in fresh h e r of (a) copper (0) and zinc ( 0 ) and (6) copper in fractions I ( 0 ) and III (0) and zinc in fraction III (0) after injection of normal rats with 300pg of Cut+ (as CuSO,)
Each point represents values determined on the pooled livers of at least five rats. Livers were homogenized in 10mM-Tris-acetate buffer, pH8.2, and centrifuged at lOOOOOg for 1 h, and the supernatant fractions were separated on Sephadex G-75 to give fractions 1-111.
Vol. 2 BIOCHEMICAL SOCIETY TRANSACTIONS weights ~65000,35000 and 12000 respectively were separated from the cytosol of these livers by gel filtration on Sephadex G-75. Copper and zinc occurred together in all fractions and, in agreement with previous findings in both ruminants (Bremner, 1974) and rats (Bremner et al., 1973) , their combined concentration in fraction I11 was directly related to the liver zinc content. When rats were injected with a higher dose of Cu2+ (300pg of Cu2+ as CuSO,), qualitatively similar effects were observed on hepatic copper and zinc contents and their distribution in the liver cytosol, but the variability was greatly diminished. A gradual increase in mean hepatic copper content was noted throughout the time-course studied. In contrast, liver zinc content was not affected at 2h, and thereafter increased up to 7.5 h after injection (Fig. 1) .
No changes were observed in the copper content of fraction 11. Initially copper accumulated mainly in fraction I, rising to a maximum content at 2h. The copper content of fraction 111 rose progressively with time after injection, the largest increases occurring after a decline in copper content of fraction I, and simultaneously with an increase both in liver zinc content and the appearance of zinc in fraction 111 (Fig. 1) .
Previously it has been suggested that zinc may be involved in the induction of a metalbindingcomponent similarto fraction 111 in rat liver (Davieset al., 1973) . To determine whether copper may have a similar role independent of that of zinc, the above experiment was repeated with rats previously maintained on a zinc-deficient diet for 21 days. This treatment, although eliminating the rise in hepatic zinc content previously observed in Each point represents values determined on the pooled livers of at least five rats. Livers were homogenized in 1OmM-Tris-acetate buffer, pH8.2, and centrifuged at IOOOOOg for 1 h, and the supernatant fractions were separated on Sephadex G-75 to give fractions 1-111.
545th MEETING, SWANSEA normal animals injected with Cu2+, did not restrict the hepatic accumulation of copper, did not inhibit the accumulation of copper in fraction 111 and, indeed, promoted a more rapid risc in the copper content of this fraction (Fig. 2) . In all oftheexperiments describedaboveabout 50%oftheincrement in hepaticcopper content at 7.5 h after injection could be accounted for by the copper in fraction 111, suggesting that this component may exert some functional role in copper metabolism.
When cycloheximide was injected simultaneously with 300pg of Cu2+ (as CuS04) into zinc-deficient rats at a dose that virtually abolished amino acid incorporation into hepatic proteins, this antibiotic inhibited by at least 90% the amount of copper appearing in fraction I11 5h after injection, yet it decreased the increment in liver copper content by only about 20%. These observations indicate that injection of Cu2+, in like manner to Zn2+ (Davies et al., 1973) , promotes the appearance of a low-molecular-weight metalbinding protein by a mechanism requiring active protein synthesis.
Bloomer & Sourkes (I 973) concluded that the low-molecular-weight copper-binding protein found in the livers of rats loaded with copper by repeated injections of Cu2+ (as CuS04) was constitutively present. Our results with cycloheximide treatment do not support this conclusion. Further, the apparent induction by copper of the metal-binding protein now reported is at variance with the conclusion of Bremner (1973) from studies on ruminant liver. This conflict may arise from species differences or from the fact that, whereas the ruminant study was made on animals in equilibrium with respect to their zinc and copper status, this present investigation has been concerned with dynamic changes following acute copper administration. Cardioplegia may be induced by one of a variety of procedures, e.g. ischaemia, hypothermia, electrical fibrillation or K+ arrest. Withtheexception of K+arrest, these procedures are often used during forms of cardiac surgery that require cardioplegia in combination with cardiopulmonary by-pass. Little, however, is known about the relative biochemical consequences of various cardioplegic methods. We have therefore undertaken studies aimed at assessing the ability of the isolated rat heart to recover from periods of cardioplegia induced by a variety of methods. Since each of the methods achieves its objective via a different mechanism, we have also investigated how the cardioplegic method affects various metabolic parameters that are known to influence the survival and subsequent recovery of the heart. It has been suggested (Hearse & Chain, 1972 ) that under certain adverse conditions the supply of myocardial ATP is a major determinant of the survival and recovery of the myocardial tissue. It was therefore decided to investigate the myocardial concentrations of ATP during various types of cardioplegia and see how these values related to the functional recovery of the heart after the cessation of cardioplegia.
Isolated rat hcarts were perfused in a working mode as described by Neely et al. (1967) and Hearse & Chain (1972) for a 20min period. During this period control values for aortic flow, coronary flow, heart rate and aortic pressure were determined. The hearts were then converted into a Langendorff (1895) preparation and subjected to a 30min experimental period. During this period cardioplegia was induced by coronary perfusion with buffer (Krebs & Henseleit, 1932) containing 1 6 m~-K + (K+ arrest), or coronary
